Introduction {#tca12904-sec-0005}
============

Esophageal carcinoma (EC) is one of the most aggressive cancer types, ranking sixth in cancer‐related mortality and eighth in cancer incidence worldwide.[1](#tca12904-bib-0001){ref-type="ref"}, [2](#tca12904-bib-0002){ref-type="ref"} Esophageal squamous cell carcinoma (ESCC) is the predominant histological type, accounting for 80--90% of cases, especially in China.[3](#tca12904-bib-0003){ref-type="ref"}, [4](#tca12904-bib-0004){ref-type="ref"} Despite recent advances in surgical and irradiation techniques and pharmaceutical treatment for EC, the five‐year overall survival rate of patients with advanced ESCC remains 20%.[5](#tca12904-bib-0005){ref-type="ref"}, [6](#tca12904-bib-0006){ref-type="ref"} This is mainly because of the high lymphatic metastasis rate and strong local invasive ability of ESCC, even in the early stages.[5](#tca12904-bib-0005){ref-type="ref"} Molecular basis determines esophageal carcinoma development and progression,[7](#tca12904-bib-0007){ref-type="ref"} and a better understanding of the potential molecular mechanisms underlying ESCC, especially concerning tumorigenesis, progression, and lymphatic metastasis, is urgently needed to improve the survival rate.

Long non‐coding RNAs (lncRNAs) are a novel class of RNA molecules longer than 200 nucleotides that lack protein‐coding ability.[8](#tca12904-bib-0008){ref-type="ref"}, [9](#tca12904-bib-0009){ref-type="ref"} LncRNAs regulate transcription by mediating target gene activation or silencing through chromatin modification.[10](#tca12904-bib-0010){ref-type="ref"} Accumulating evidence suggests that lncRNAs play critical roles in many biological processes, including embryonic stem cell development,[11](#tca12904-bib-0011){ref-type="ref"} Th‐cell differentiation,[12](#tca12904-bib-0012){ref-type="ref"} cancer cell apoptosis, and metastasis.[13](#tca12904-bib-0013){ref-type="ref"} LncRNAs can act as oncogenes or tumor suppressors,[14](#tca12904-bib-0014){ref-type="ref"} and play important roles in carcinogenesis and cancer proliferation, invasion, and metastasis, as well as cancer prognosis.[15](#tca12904-bib-0015){ref-type="ref"}, [16](#tca12904-bib-0016){ref-type="ref"} LncRNA expression is tissue‐specific, and lncRNA dysregulation is present in various types of cancer.[17](#tca12904-bib-0017){ref-type="ref"}, [18](#tca12904-bib-0018){ref-type="ref"}, [19](#tca12904-bib-0019){ref-type="ref"} Therefore, lncRNAs are potential biomarkers for cancer diagnosis and prediction of prognosis.

Dysregulation of the expression of several lncRNAs is associated with ESCC tumorigenesis, progression, and regional lymphatic metastasis.[20](#tca12904-bib-0020){ref-type="ref"}, [21](#tca12904-bib-0021){ref-type="ref"}, [22](#tca12904-bib-0022){ref-type="ref"}, [23](#tca12904-bib-0023){ref-type="ref"}, [24](#tca12904-bib-0024){ref-type="ref"}, [25](#tca12904-bib-0025){ref-type="ref"}, [26](#tca12904-bib-0026){ref-type="ref"}, [27](#tca12904-bib-0027){ref-type="ref"}, [28](#tca12904-bib-0028){ref-type="ref"}, [29](#tca12904-bib-0029){ref-type="ref"} However, these lncRNAs were mostly identified in in vitro studies and lack application value in clinical practice. Specific lncRNAs that can be used as biomarkers for the early diagnosis of ESCC and to predict tumor invasive ability and regional lymphatic metastasis, which are key factors for making treatment decisions and for improving the survival rate, have not been identified to date.

Based on the tissue specific expression of lncRNAs and their critical roles in biological processes associated with ESCC, we performed microarray analysis to explore the expression profiles of dysregulated lncRNAs in ESCC cancer tissues and para‐cancer tissues. The aim of the study was to identify tumor‐specific lncRNAs that could be used for the early diagnosis of ESCC and to predict tumor invasive ability and lymphatic metastasis to guide the clinical management of patients with ESCC.

Methods {#tca12904-sec-0006}
=======

Samples {#tca12904-sec-0007}
-------

Primary cancer tissues and para‐cancer tissues were collected from patients with EC. Tissues were frozen in liquid nitrogen immediately after surgical resection until used in the experiments. Patient samples were selected according to the following criteria: radical EC resection had been performed and ESCC was pathologically confirmed postoperatively; chemotherapy or radiotherapy had not been administered; and patients did not have any other serious diseases and were expected to survive \> 6 months. The para‐cancer tissues were adjacent esophageal tissues confirmed as being from a microscopically negative tumor margin. Eligible patients were recruited from the Shandong Provincial Hospital, the Shandong Cancer Hospital Affiliated to Shandong University, and the Second Hospital of Shandong University between August 2016 and February 2017. Written informed consent was obtained from all patients, and the Ethics Committees of the three hospitals approved the study.

RNA extraction, quality control, amplification, and labeling {#tca12904-sec-0008}
------------------------------------------------------------

Total RNA was extracted from cancer and para‐cancer tissues using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and purified using the mirVana miRNA Isolation Kit (Ambion, Austin, TX, USA) according to the manufacturer\'s protocol. To ensure that total RNAs met the requirements for the experiment, RNA purity and concentration were quantified using the Nano Drop ND‐1000 Spectrophotometer (Thermo Fisher Scientific, Waltham, MA, USA), and RNA integrity was assessed with the Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). High yields of labeled complementary DNA for further array hybridization were produced with the CapitalBio cRNA Amplification and Labeling Kit (CapitalBio Technology, Beijing, China) according to the manufacturer\'s protocol.

Microarray analysis {#tca12904-sec-0009}
-------------------

Human lncRNA/mRNA Array version 4.0 (CapitalBio Technology) was designed with four identical arrays per slide (4 × 180K format) for the global profiling of approximately 41 000 human lncRNAs and 34 000 human messenger RNAs (mRNAs) in each array. LncRNA and mRNA target sequences were merged from almost all relevant databases, including GENCODE/Ensembl, Human lincRNA Catalog,[30](#tca12904-bib-0030){ref-type="ref"} RefSeq, UCSC, NRED (ncRNA Expression Database), LNCipedia, H‐InvDB, and LncRNAs‐a (Enhancer‐like). Each RNA was detected by probes, and was performed three times. The array also contained 4974 Agilent control probes.

After array hybridization, Agilent Feature Extraction version 10.7 (Agilent Technologies) was used to analyze the array images and obtain the raw data. Raw data summarization, normalization, and quality control were performed using Agilent GeneSpring version 13.0 (Agilent Technologies). A threshold value of ≥ 2 and ≤ ‐2‐fold change and a Benjamini--Hochberg corrected *P* value of 0.05 was used to select differentially expressed genes. The adjust data function of CLUSTER 3.0 (Stanford University School of Medicine, Stanford, CA, USA) was used for Log~2~ transformation and to determine the median of data. Further hierarchical clustering analysis was performed to detect gene expression patterns. Tree visualization was performed using Java Treeview (Stanford University School of Medicine). CapitalBio Technology performed all microarray works.

Gene ontology enrichment and pathway analysis {#tca12904-sec-0010}
---------------------------------------------

The Gene Ontology (GO) project provides a controlled vocabulary to describe the genes and gene products of any organism (<http://www.geneontology.org>), and categorizes the roles of mRNAs into three domains: biological process, cellular component, and molecular function. A Fisher\'s exact test was used to determine whether the overlap between the differential expression list and the GO annotation list was greater than that expected by chance. Pathway analysis is functional analysis that maps genes to Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. A Fisher\'s exact test was used to select a significant pathway, and the threshold of significance was defined by the *P* value; the lower the *P* value, the more significant the pathway.

Gene co‐expression analysis {#tca12904-sec-0011}
---------------------------

The correlation between differentially expressed lncRNAs and mRNAs was determined with the normalized signature data using Pearson\'s correlation analysis, and significant lncRNA‐mRNA pairs were identified. The top 1000 gene pairs with Pearson correlation coefficients \> 0.95 were selected to construct the coding‐non‐coding gene co‐expression (CNC) network using open source bioinformatics Cytoscape software (<http://www.cytoscape.org/download.php>). In the network, a gene "degree" was defined as the number of times one specific gene was linked to other genes. This is the simplest and most important measure of gene centrality within a network and determines the relative importance of a gene.[31](#tca12904-bib-0031){ref-type="ref"}

Long non‐coding RNA (lncRNA) screening and quantitative reverse transcription PCR verification {#tca12904-sec-0012}
----------------------------------------------------------------------------------------------

Based on the results of microarray and gene co‐expression analyses, lncRNAs were screened for further verification according to the following criteria: (i) fold change \> 2.5; (ii) Benjamini--Hochberg corrected *P* \< 0.05; (iii) the raw signal intensity of each lncRNA \> 50 and with a "detected" Feature Extraction Flag; and (iv) lncRNA‐mRNA pairs with correlation coefficients \> 0.99 according to the gene co‐expression analysis. After the lncRNA screen, 25 pairs of tissue samples that met the selection criteria were selected for verification by quantitative reverse transcription (qRT) PCR.

Correlation analysis between verified lncRNAs and clinicopathological characteristics {#tca12904-sec-0013}
-------------------------------------------------------------------------------------

To identify clinically significant lncRNAs capable of predicting tumor invasive ability and regional lymphatic metastasis in ESCC, the correlations between verified lncRNAs and clinicopathological characteristics were also analyzed. The clinicopathological characteristics analyzed included gender, age, T stage, N stage, tumor node metastasis (TNM) stage, tumor size, tumor location, tumor differentiation degree, and tumor clinical subtype. The potential mechanisms of the significant lncRNAs screened were analyzed according to the results of gene co‐expression analysis. Postoperative stage was defined according to the 2017 American Joint Committee on Cancer (AJCC) TNM staging classification system.

Statistical analysis {#tca12904-sec-0014}
--------------------

Statistical analysis was performed using SPSS version 20.0 (IBM Corp., Armonk, NY, USA). LncRNA expression levels in verified samples were presented as the mean ± standard deviation (SD). Differences in lncRNA expression between the groups were compared using the paired samples *t*‐test. Correlations between verified lncRNAs and clinicopathological characteristics were determined using Spearman\'s correlation analysis. All *P* values were two‐sided, and *P* \< 0.05 was considered statistically significant.

Results {#tca12904-sec-0015}
=======

Sample selection {#tca12904-sec-0016}
----------------

According to the selection criteria, six pairs of tissues samples (including ESCC and para‐cancer tissues) with similar clinicopathological characteristics were selected for microarray analysis, and 25 pairs of tissue samples were used to verify the effectiveness of the screened lncRNAs. The clinicopathological characteristics of the samples used for microarray analysis are detailed in Table [1](#tca12904-tbl-0001){ref-type="table"}.

###### 

Clinical information of samples for microarray analysis

  Sample   Age (years)   Gender   Primary location           Pathology grade            Clinical subtype    Tumor size (cm^3^)  Stage[†](#tca12904-note-0001){ref-type="fn"}
  -------- ------------- -------- -------------------------- -------------------------- ------------------ -------------------- ----------------------------------------------
  1        58            Male     Lower thoracic esophagus   Moderate differentiation   Ulcerative type        5 × 3 × 1.2      pT3N3M0
  2        73            Male     Mid‐thoracic esophagus     Moderate differentiation   Ulcerative type       4 × 3.5 × 1.2     pT2N1M0
  3        75            Male     Lower thoracic esophagus   Poor differentiation       Ulcerative type        3 × 2.5 × 1      pT3N2M0
  4        56            Female   Lower thoracic esophagus   Moderate differentiation   Ulcerative type        5 × 4 × 1.3      pT3N1M0
  5        62            Male     Mid‐thoracic esophagus     Poor differentiation       Ulcerative type        6 × 3 × 0.5      pT3N0M0
  6        67            Female   Lower thoracic esophagus   Poor differentiation       Ulcerative type       3 × 1.5 × 0.8     pT3N0M0

Postoperative pathological stage.

Overview of the microarray analysis {#tca12904-sec-0017}
-----------------------------------

To evaluate the reliability of samples, the results of microarray analysis were expressed in cluster, principal component analysis, and box plots (Fig [1](#tca12904-fig-0001){ref-type="fig"}). These plots confirmed that the samples were of high quality with good representativeness and could meet the requirements of the experiment. Collectively, these findings indicated that the results of the experiment were reliable.

![Plots of the microarray analysis data of the samples. Hierarchical cluster analysis plots of the expression of (**a**) long non‐coding RNAs (lncRNAs) and (**b**) messenger RNAs (mRNAs) in esophageal squamous cell carcinoma (ESCC) and para‐cancer tissues show good similarities among cancer tissues and among para‐cancer tissues, respectively. Red denotes high relative expression and green denotes low relative expression. Each RNA is represented by a single row of colored boxes and each sample by a single column. The three‐dimensional principal component analysis plots for normalized data of (**c**) lncRNAs and (**d**) mRNAs of the samples, respectively, shows good similarities among cancer tissues and among para‐cancer tissues. Groups (![](TCA-10-78-g006.jpg "image")) para‐cancer and (![](TCA-10-78-g007.jpg "image")) cancer. (**e**) The box plots for overall gene expression level in each sample before and after normalization show overall gene expression levels among all samples tended to be the same after normalization.](TCA-10-78-g001){#tca12904-fig-0001}

The comparative microarray analysis identified 1850 lncRNAs and 2261 mRNAs showing significant differential expression (fold change ≥ 2.0, *P* \< 0.05). Among them, 962 lncRNAs and 1394 mRNAs were upregulated and 888 lncRNAs and 867 mRNAs were downregulated in ESCC cancer tissues compared to para‐cancer tissues. The results were expressed in cluster, scatter, and volcano plots (Fig [2](#tca12904-fig-0002){ref-type="fig"}). To further evaluate the expression patterns of the lncRNAs, the classification of dysregulated lncRNAs was analyzed. The results showed that 950 intergenic lncRNAs were differentially expressed, indicating that most lncRNAs were intergenic lncRNAs.

![Hierarchical cluster analysis plots of the samples show the differentially expressed (**a**) long non‐coding RNAs (lncRNAs) and (**b**) messenger RNAs (mRNAs) in esophageal squamous cell carcinoma (ESCC) tissues compared to para‐cancer tissues. Red denotes high relative expression and green low relative expression. Each RNA is represented by a single row of colored boxes and each sample by a single column. The scatter and volcano plots illustrate the distributions of the data in the (**c,e**) lncRNA and (**d,f**) mRNA profiles. The values of the x and y axes in the scatter plot are the averaged normalized signal values of the group (log2 scaled). Red dots represent significantly upregulated genes, green dots represent significantly downregulated genes, and black dots represent genes without significant differences in the scatter and volcano plots. All of these plots directly reflect the quantity and reliability of the genes with significant differences.](TCA-10-78-g002){#tca12904-fig-0002}

Gene ontology and pathway analyses {#tca12904-sec-0018}
----------------------------------

The results of GO analysis showed that the dysregulated transcripts were mainly involved in biological processes; one fraction was defined as cellular components and a small number was involved in molecular function (Fig [3](#tca12904-fig-0003){ref-type="fig"}). Among the involved biological processes, cellular, single‐organism, and metabolic processes, biological regulation, and regulation of biological processes were the five most significant processes associated with the dysregulated mRNAs. Among the cellular components, cell parts, cell, and organelle were the three most significant component processes associated with the dysregulated mRNAs. Among molecular functions, binding and catalytic activity were the two most significant molecular functions of the dysregulated mRNAs.

![Gene ontology (GO) enrichment analysis of long non‐coding RNA (lncRNAs) target genes (messenger RNAs). The x‐axis represents GO terms including biological process (blue), cell component (green), and molecular function (red), while the y‐axis includes three parts, the percentage of genes denoted in the left, numbers of differentially expressed genes (DEGs, black number), and background genes (gray number, representing all genes in chips) in the right. The solid histogram represents DEGs and the virtual histogram represents background genes. This plot shows the enrichment expression of DEGs.](TCA-10-78-g003){#tca12904-fig-0003}

In KEGG pathway analysis, among the top 20 significantly enriched KEGG pathways, cytokine‐cytokine receptor interaction, transcriptional misregulation in cancer, DNA replication, cell cycle, Toll‐like receptor, and viral carcinogenesis were the significant pathways involved in the pathogenesis of cancer and associated with the dysregulated mRNAs (Fig [4](#tca12904-fig-0004){ref-type="fig"}).

![The top 20 significantly enriched Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways of messenger RNAs according to (**a**) *P* and (**b**) q (corrected *P*) values. (![](TCA-10-78-g008.jpg "image")) KEGG pathway.](TCA-10-78-g004){#tca12904-fig-0004}

Gene co‐expression analysis {#tca12904-sec-0019}
---------------------------

According to the results of gene co‐expression analysis, 1759 differentially expressed lncRNAs and 1929 mRNAs showed a significant correlation, and there were 74 420 significant lncRNA‐mRNA pairs with Pearson\'s correlation coefficients \> 0.90. Among these, 110 lncRNA‐mRNA pairs showed Pearson\'s correlation coefficients \> 0.99. Among these significantly related pairs, we selected the top 1000 gene pairs with Pearson correlation coefficients \> 0.95 to construct the CNC network, as shown in Figure [5](#tca12904-fig-0005){ref-type="fig"}. Further target gene and transcription factor prediction analyses identified 1626 lncRNAs among all differentially expressed lncRNAs that had potential regulatory value in the pathogenesis of ESCC.

![The coding‐non‐coding gene co‐expression network. This network was constructed with the top 1000 significant long non‐coding RNA (lncRNA)‐messenger RNA (mRNAs) pairs with Pearson correlation coefficients \> 0.95. Yellow circles represent lncRNAs, green circles represent mRNAs, red lines represent positive correlation, and blue lines represent negative correlation. The size of the circle in the network represents a gene "degree," defined as the number of times one specific gene is linked to other genes.](TCA-10-78-g005){#tca12904-fig-0005}

LncRNA screening and qRT‐PCR verification {#tca12904-sec-0020}
-----------------------------------------

Eleven lncRNAs among the differentially expressed lncRNAs were selected according to the screening criteria for further qRT‐PCR verification. In order to verify a greater number of lncRNAs, an additional 11 lncRNAs with a "detected" Feature Extraction Flag in the raw signal intensity were also randomly selected for further qRT‐PCR verification. Thus, a total of 22 lncRNAs, including 10 upregulated and 12 downregulated lncRNAs, were verified. Twenty‐five pairs of tissues samples were used to verify the effectiveness of the selected lncRNAs (the clinicopathological characteristics of these samples are detailed in Table [2](#tca12904-tbl-0002){ref-type="table"}). The results of qRT‐PCR verification showed that 15 lncRNAs showed an expression tendency of 68.18%, which was consistent with the microarray data. Among the seven inconsistently expressed lncRNAs, three were selected according to the screening criteria and four were selected randomly. Among the 22 lncRNAs verified, four were significantly upregulated, whereas two were significantly downregulated in ESCC tissues compared to para‐cancer tissues. Among the six significantly dysregulated lncRNAs, two were selected according to the screening criteria and four were selected randomly. However, among the six significantly dysregulated lncRNAs, the expression tendency of ENST00000501715.2 was inconsistent between the qRT‐PCR and microarray data, and was therefore excluded. Finally, four significantly upregulated lncRNAs and one significantly downregulated lncRNA were identified as potentially involved in the pathogenesis of ESCC, and the correlations between these five‐lncRNAs and clinicopathological characteristics were further analyzed. The expression data of the 22 lncRNAs verified are detailed in Table [3](#tca12904-tbl-0003){ref-type="table"}.

###### 

Clinicopathological characteristics of samples for verification

  Characteristics                         N        Characteristics             N Characteristics      N
  -------------------------------- --------------- ------------------------ ---- ----------------- ----
  Median age (range) (year)          63 (46--76)   Gender                        N stage           
  Tumor size (mean ± SD) (cm^3^)    9.329 ± 7.081  Male                       19 N0                  14
  Tumor location                                   Female                      6 N1                   6
  Upper thoracic esophagus                2        Tumor clinical subtype        N2--3                5
  Mid‐thoracic esophagus                 12        Ulcerative type             9 pTNM stage†       
  Lower thoracic esophagus               11        Medullary type             12 IIA                  8
  Tumor differentiation degree                     Fungating type              4 IIB                  7
  Well differentiation                    1        T stage                       IIIA                 1
  Moderate differentiation               14        T2                          6 IIIB                 8
  Poor differentiation                   10        T3                         19 IVA                  1

Postoperative pathological stage.

pTNM, pathological tumor node metastasis; SD, standard deviation.

###### 

Expression data of verified lncRNAs in verified samples

  Group                                            LncRNA ID           Expression level in cancer tissues (mean ± SD)   Expression level in para‐cancer tissues (mean ± SD)   Expression tendency in cancer tissues   *P*            Consistency with microarray data
  ------------------------------------------------ ------------------- ------------------------------------------------ ----------------------------------------------------- --------------------------------------- -------------- ----------------------------------
  Group A[†](#tca12904-note-0004){ref-type="fn"}   ENST00000416890.1   1.155 ± 2.874                                    0.654 ± 0.725                                         Up                                      0.402          Consistent
  ENST00000501715.2                                3.376 ± 3.113       6.957 ± 6.027                                    Down                                                  0.002                                   Inconsistent   
  XR_243745.1                                      3.830 ± 6.141       2.413 ± 4.154                                    Up                                                    0.359                                   Inconsistent   
  ENST00000479752.1                                1.892 ± 1.988       2.063 ± 4.119                                    Down                                                  0.847                                   Consistent     
  ENST00000508406.1                                13.641 ± 10.523     6.785 ± 8.970                                    Up                                                    0.002                                   Consistent     
  ENST00000609933.1                                5.641 ± 8.994       2.671 ± 3.850                                    Up                                                    0.138                                   Inconsistent   
  NR_108085.1                                      2.511 ± 3.377       2.740 ± 4.043                                    Down                                                  0.831                                   Consistent     
  ENST00000424322.1                                7.306 ± 12.128      1.564 ± 1.920                                    Up                                                    0.022                                   Consistent     
  ENST00000508572.1                                5.909 ± 9.968       1.562 ± 1.445                                    Up                                                    0.040                                   Consistent     
  XR_243353.1                                      0.478 ± 0.760       0.367 ± 0.597                                    Up                                                    0.578                                   Inconsistent   
  ENST00000593452.1                                6.448 ± 11.957      3.812 ± 6.757                                    Up                                                    0.231                                   Consistent     
  Group B[‡](#tca12904-note-0005){ref-type="fn"}   ENST00000497988.1   1.402 ± 2.531                                    1.270 ± 1.739                                         Up                                      0.815          Inconsistent
  TCONS_00018449                                   0.802 ± 0.990       0.924 ± 1.534                                    Down                                                  0.738                                   Consistent     
  NR_037652.1                                      0.008 ± 0.036       0.161 ± 0.337                                    Down                                                  0.024                                   Consistent     
  ENST00000589257.1                                0.761 ± 1.385       0.926 ± 2.575                                    Down                                                  0.779                                   Consistent     
  ENST00000440357.1                                0.982 ± 1.431       2.282 ± 3.594                                    Down                                                  0.100                                   Consistent     
  RNA95373\|RNS_455_165                            2.689 ± 2.570       1.522 ± 2.390                                    Up                                                    0.114                                   Inconsistent   
  ENST00000578897.1                                2.087 ± 2.939       2.434 ± 3.399                                    Down                                                  0.680                                   Consistent     
  RNA95551\|RNS_633_144                            0.157 ± 0.275       0.287 ± 0.364                                    Down                                                  0.182                                   Inconsistent   
  uc031qqx.1                                       4.529 ± 5.219       2.293 ± 4.086                                    Up                                                    0.123                                   Consistent     
  ENST00000603948.1                                5.690 ± 8.703       1.678 ± 1.651                                    Up                                                    0.037                                   Consistent     
  ENST00000607933.1                                3.730 ± 4.047       1.824 ± 2.886                                    Up                                                    0.083                                   Consistent     

Long non‐coding RNAs (lncRNAs) were randomly selected with a "detected" Feature Extraction Flag in the raw signal intensity.

lncRNAs were selected according to the screening criteria for lncRNAs.

SD, standard deviation.

Correlations between verified lncRNAs and clinicopathological characteristics {#tca12904-sec-0021}
-----------------------------------------------------------------------------

Analysis of the correlations of the five significantly dysregulated lncRNAs with clinicopathological characteristics showed that the upregulated ENST00000508406.1 was significantly associated with T, N, and TNM stages, and the downregulated NR_037652.1 was significantly associated with N stage, whereas the other three lncRNAs were not (Table [4](#tca12904-tbl-0004){ref-type="table"}). Furthermore, the gene co‐expression analysis confirmed 49 lncRNA‐mRNA pairs and 45 mRNAs that were significantly associated with ENST00000508406.1 and NR_037652.1, and were possibly involved in the mechanism underlying the regulation of local invasion and lymphatic metastasis of ESCC.

###### 

Correlations between significantly dysregulated lncRNAs and clinicopathological characteristics

  Clinicopathological characteristics   ENST00000508406.1                               ENST00000424322.1   ENST00000508572.1                               ENST00000603948.1   NR_037652.1                                                                                                                                                    
  ------------------------------------- ----------------------------------------------- ------------------- ----------------------------------------------- ------------------- ----------------------------------------------- ------- ---------------------------------------------- ------- ----------------------------------------------- -------
  Gender                                0.286                                           0.166               −0.026                                          0.902               −0.052                                          0.805   −0.026                                         0.902   0.169                                           0.420
  Age                                   0.056^‡^                                        0.791               0.217^‡^                                        0.299               0.269[‡](#tca12904-note-0008){ref-type="fn"}    0.194   0.207[‡](#tca12904-note-0008){ref-type="fn"}   0.322   −0.300[‡](#tca12904-note-0008){ref-type="fn"}   0.145
  T stage                               −0.455                                          0.022               0.091                                           0.666               −0.026                                          0.902   −0.052                                         0.805   0.286                                           0.166
  N stage                               −0.472                                          0.017               0.050                                           0.812               −0.003                                          0.989   −0.148                                         0.479   0.454                                           0.023
  TNM stage                             −0.447                                          0.025               0.002                                           0.991               −0.035                                          0.870   −0.162                                         0.439   0.308                                           0.134
  Tumor size                            −0.341[‡](#tca12904-note-0008){ref-type="fn"}   0.095               −0.141[‡](#tca12904-note-0008){ref-type="fn"}   0.500               −0.164[‡](#tca12904-note-0008){ref-type="fn"}   0.432   0.284[‡](#tca12904-note-0008){ref-type="fn"}   0.169   −0.054[‡](#tca12904-note-0008){ref-type="fn"}   0.798
  Tumor location                        −0.226                                          0.277               −0.094                                          0.655               −0.143                                          0.495   −0.145                                         0.488   0.185                                           0.377
  Pathology grade                       −0.048                                          0.821               −0.053                                          0.802               −0.085                                          0.688   −0.040                                         0.851   0.193                                           0.355
  Clinical subtype                      0.308                                           0.134               −0.108                                          0.606               −0.191                                          0.362   −0.063                                         0.763   −0.025                                          0.906

R = correlation coefficient.

Pearson\'s correlation coefficient. lncRNA, long non‐coding RNA; TNM, tumor node metastasis.

Discussion {#tca12904-sec-0022}
==========

Esophageal squamous cell carcinoma is an aggressive malignancy characterized by high degrees of local invasion and regional lymphatic metastasis, leading to poor overall survival.[5](#tca12904-bib-0005){ref-type="ref"}, [6](#tca12904-bib-0006){ref-type="ref"} Intrinsic molecular distinction determines the biological behavior of cancer.[7](#tca12904-bib-0007){ref-type="ref"} Among numerous molecules that play key roles in ESCC, lncRNAs have attracted increasing attention because their aberrant expression is associated with ESCC carcinogenesis, invasion, and metastasis.[20](#tca12904-bib-0020){ref-type="ref"}, [21](#tca12904-bib-0021){ref-type="ref"}, [22](#tca12904-bib-0022){ref-type="ref"}, [23](#tca12904-bib-0023){ref-type="ref"}, [24](#tca12904-bib-0024){ref-type="ref"}, [25](#tca12904-bib-0025){ref-type="ref"}, [26](#tca12904-bib-0026){ref-type="ref"}, [27](#tca12904-bib-0027){ref-type="ref"}, [28](#tca12904-bib-0028){ref-type="ref"}, [29](#tca12904-bib-0029){ref-type="ref"} Several lncRNAs involved in ESCC have been reported, including HOTAIR,[20](#tca12904-bib-0020){ref-type="ref"} MALAT1,[21](#tca12904-bib-0021){ref-type="ref"} NMR,[22](#tca12904-bib-0022){ref-type="ref"} CASC9,[23](#tca12904-bib-0023){ref-type="ref"} PEG10,[24](#tca12904-bib-0024){ref-type="ref"} HOTTIP,[25](#tca12904-bib-0025){ref-type="ref"} SPRY4‐IT1,[26](#tca12904-bib-0026){ref-type="ref"} PCAT‐1,[27](#tca12904-bib-0027){ref-type="ref"} AK001796,[28](#tca12904-bib-0028){ref-type="ref"} and CCAT2.[29](#tca12904-bib-0029){ref-type="ref"} HOTAIR directly downregulates the expression of *WIF‐1* and activates the Wnt/β‐catenin signaling pathway to promote the migration and invasion of ESCC cells. MALAT1 promotes the malignant development of ESCC by targeting β‐catenin via Ezh2. NMR promotes tumor progression via *NSUN2* and *BPTF*, and CASC9 promotes tumor metastasis by upregulating *LAMC2* through interaction with the CREB‐binding protein. HOTTIP promotes tumor metastasis by inducing epithelial‐mesenchymal transition, and AK001796 contributes to tumor growth by regulating the expression of *p53.* Although these dysregulated lncRNAs in ESCC have been extensively studied, most are also involved in other types of cancer. For example, HOTAIR is involved in many cancers[32](#tca12904-bib-0032){ref-type="ref"} including lung, breast, hepatocellular, and cervical cancer. PEG10 is involved in hypopharyngeal squamous cell carcinoma,[33](#tca12904-bib-0033){ref-type="ref"} pancreatic cancer,[34](#tca12904-bib-0034){ref-type="ref"} and diffuse large B cell lymphoma.[35](#tca12904-bib-0035){ref-type="ref"} Therefore, these lncRNAs lack tumor specificity. Although the function of these dysregulated lncRNAs in ESCC has previously been reported, most reports were based on in vitro studies, and most of these lncRNAs failed to perform their functions in vivo. Therefore, these lncRNAs are of limited clinical value. Genome‐wide analysis of lncRNAs allows the identification of dysregulated lncRNAs in ESCC to obtain novel and tumor‐specific lncRNAs for the prediction of ESCC invasion and lymphatic metastasis. In the present study, we performed genome‐wide analysis of lncRNAs to identify tumor‐specific biomarkers of clinical value for the diagnosis and treatment of ESCC.

We used strict quality control for sample selection, pathological sampling, storage, RNA extraction, and the process of microarray analysis to exclude any possible interference with the experimental results. The use of cluster, principal component analysis, and box plots show the high quality and good representativeness of the samples, reflecting the reliability of the experimental results.

The comparative microarray analysis identified 1850 lncRNAs and 2261 mRNAs that were differentially expressed, and target gene and transcription factor prediction analysis showed that 1626 lncRNAs had potential regulatory functions in ESCC. GO analysis showed that dysregulated transcripts were mainly involved in biological processes. Further KEGG pathway analysis identified at least six main signaling pathways associated with the carcinogenesis, invasion, and metastasis of cancer, especially transcriptional misregulation in the cancer (hsa05202) pathway, which is associated with many solid tumors and contributes to the tumorigenic process. Finally, gene co‐expression analysis identified 110 lncRNA‐mRNA pairs showing a significant correlation, with Pearson\'s correlation coefficients \> 0.99. Taken together, these results provide valuable research clues for further studies.

Although we identified 1626 lncRNAs that had potential regulatory value in ESCC, only 11 lncRNAs were selected according to the screening criteria, indicating that some significantly dysregulated lncRNAs may not have been included. Thus, we randomly selected an additional 11 lncRNAs for qRT‐PCR verification for a total of 22 lncRNAs, including 10 upregulated and 12 downregulated lncRNAs. An additional 25 samples were selected during the verification process, therefore, the verification results not only tested the consistency between the qRT‐PCR results and microarray data as previously reported,[36](#tca12904-bib-0036){ref-type="ref"}, [37](#tca12904-bib-0037){ref-type="ref"} but also verified the expression levels of these selected lncRNAs in ESCC. The qRT‐PCR verification results showed good consistency with the microarray data, and were similar to previously reported data.[36](#tca12904-bib-0036){ref-type="ref"}, [37](#tca12904-bib-0037){ref-type="ref"}

In addition, five lncRNAs that have not been reported in previous studies were identified via qRT‐PCR as significantly dysregulated in ESCC. Further correlation analysis between these five lncRNAs and clinicopathological characteristics showed that upregulated ENST00000508406.1 was significantly associated with T, N, and TNM stages, and downregulated NR_037652.1 was significantly associated with N stage, indicating that they might be involved in the regulation of local invasion and lymphatic metastasis of ESCC. Further gene co‐expression analysis confirmed 49 lncRNA‐mRNA pairs and 45 mRNAs that were significantly associated with ENST00000508406.1 and NR_037652.1, and were possibly involved in the mechanism underlying the regulation of local invasion and lymphatic metastasis of ESCC. Finally, in the two identified lncRNAs associated with local invasion and lymphatic metastasis of ESCC, NR_037652.1 was selected according to the screening criteria, whereas ENST00000508406.1 was selected randomly, indicating that some lncRNAs with potential regulatory value among 1626 lncRNAs might have been missed and are worthy of further investigation.

Local relapse and regional lymphatic metastasis are important causes of failure after radical resection and irradiation of ESCC,[38](#tca12904-bib-0038){ref-type="ref"}, [39](#tca12904-bib-0039){ref-type="ref"} leading to poor survival rates.[40](#tca12904-bib-0040){ref-type="ref"} Regional lymphatic metastasis of ESCC involves a wide region from the neck to the upper abdomen.[41](#tca12904-bib-0041){ref-type="ref"} Because of this pattern of lymphatic metastasis, it is difficult to remove and irradiate all regional lymph nodes via radical resection and irradiation, which can also have severe implications. Therefore, selective lymph node dissection and regional lymphatic irradiation is of value in selected patients; however, this procedure requires a method to effectively predict which patients will develop regional lymphatic metastasis. LncRNAs are involved in the regulation of tumor invasion and lymphatic metastasis and could therefore be useful to predict local invasion and regional lymphatic metastasis in ESCC.[9](#tca12904-bib-0009){ref-type="ref"}, [13](#tca12904-bib-0013){ref-type="ref"}, [15](#tca12904-bib-0015){ref-type="ref"}, [16](#tca12904-bib-0016){ref-type="ref"}

In summary, using genome‐wide analysis we identified two novel and tumor‐specific lncRNAs associated with local invasion and regional lymphatic metastasis that could be of predictive value as biomarkers in ESCC. These two lncRNAs are worthy of further investigation in a large cohort of ESCC samples. In addition, the lncRNA‐mRNA pairs and mRNAs identified in the gene co‐expression analysis provide significant clues for further study of the potential underlying mechanisms.
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